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WDQNV )URP WKH SRLQW RI YLHZ RI HQVXULQJ WKH PLQLPDO KHDW OHDNDJH WKH VSKHULFDO VKDSH RI WKH WDQNV LV PRUH
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ZKHUH¨m WKHPDVVRIHYDSRUDWHGFU\RJHQSHUGD\, mȈ   WKHPDVVRIVWRUHGFU\RJHQ Ĭ -HYDSRUDWLRQORVVHVRI
SURGXFWSHUGD\ Qev   - FROG HQHUJ\RI HYDSRUDWHG FU\RJHQ  r - KHDW RI FU\RJHQ HYDSRUDWLRQRI Tc – FU\RJHQ
WHPSHUDWXUH Ɍe – HQYLURQPHQWDOWHPSHUDWXUH
(YDSRUDEOHFU\RJHQKDVD VXIILFLHQWO\KLJK VSHFLILFSRWHQWLDORI FROGHQHUJ\ >@>@>@ZKLFKFDQEHXVHGDV D






















&RQVLGHULQJ WKH GDWD SUHVHQWHG LQ 7DEOHV  DQG  GHSHQGHQFLHV RI ZHLJKWVL]H DQG SRZHU FKDUDFWHULVWLFV RI
FU\RJHQLFWDQNVDQGV\VWHPVDFFRUGLQJWRWKHLUYROXPHDQGVWRUDJHSUHVVXUHZHUHFRQVWUXFWHG
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(YDSRUDWLRQ ORVVHV LQ WKH UHVHUYRLU LV ODUJHO\GHSHQGRQ LWVRYHUDOOGLPHQVLRQVDQGGHVLJQ:KHQFKRRVLQJ WKH
LQVXODWLRQ LW LV QHFHVVDU\ WR WDNH LQWR DFFRXQW WKH XVHG OLTXLG DQG WKH IDFW WKDW WKH WKLFNQHVV RI LQVXODWLRQZKLOH
YROXPHLQFUHDVLQJRIWKHUHVHUYRLUFDSDFLW\JHQHUDOO\LQFUHDVHVPRUHVORZO\WKDQWKHGLDPHWHURIWKHUHVHUYRLU
&XUUHQWO\ FRQVLGHUDEOH H[SHULHQFH KDV EHHQ DFFXPXODWHG LQ WKH GHVLJQ DQGPDQXIDFWXUH RI KLJKSHUIRUPDQFH
VWRUDJHWDQNVWDQNVIRUFU\RJHQLFOLTXLGV
7DEOH+RUL]RQWDOF\OLQGULFDOWDQNV-6&&U\RJHQPDVK
6WRUDJHFDSDFLW\VP       
:RUNLQJSUHVVXUH03D       
mȈ WKHPDVVRIVWRUHGFU\RJHQNJ
nitrogen       
oxygen       
argon       
LNG ²      
ĬHYDSRUDWLRQORVVHVRISURGXFWSHUGD\
nitrogen       
oxygen       
argon       
LNG       
2YHUDOOGLPHQVLRQVP
diameter       
height       
$UHDRIWKHODWHUDOVXUIDFHP       

7DEOH9HUWLFDOF\OLQGULFDOWDQNV-6&&U\RJHQPDVK
 9HUWLFDOWDQNV +RUL]RQWDOWDQNV 
6WRUDJHFDSDFLW\
VP
3 5,40 7,70 9,60 49,50 60 70,50 55 112 248 
:RUNLQJ
SUHVVXUH03D
0,60 0,60 0,60 0,60 0,60 0,60 0,60 0,60 0,60 0,60 
mȈ WKHPDVVRIVWRUHGFU\RJHQNJ 
nitrogen 2292 4125 5890 7360 37800 45830 53850 42200 85900 175000 
oxygen 3255 5860 8310 10380 53700 65100 76485 59300 120800 283000 
argon 3970 7146 10020 12520 65500 79400 93300 72800 148200 309342 
LNG 1188 2138 3050 3800 19600 23760 27920 21780 44355 98210 
ĬHYDSRUDWLRQORVVHVRISURGXFWSHUGD\ 
nitrogen 0,53 0,39 0,32 0,29 0,17 0,14 0,14 0,18 1,46 0,12 
oxygen 0,35 0,26 0,21 0,19 0,11 0,09 0,09 0,12 0,97 0,08 
argon 0,32 0,24 0,19 0,17 0,10 0,08 0,08 0,11 0,89 0,07 
LNG 0,38 0,28 0,23 0,21 0,12 0,10 0,10 0,13 1,05 0,09 
2YHUDOOGLPHQVLRQVP 
diameter 1,51 1,51 1,91 1,91 3,62 3,62 3,62 3,22 3,22 3,54 





30,61 38,53 44,41 131,85 148,68 165,50 52,88 52,88 63,80 
 





qV =Qev/V       
lV =Lout/V       
ZKHUH qV 6SHFLILFYROXPHGDLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQlV -VSHFLILFYROXPHWULFGDLO\ORVVHVRIZRUN
RXWSXWSURYLGHGWKDWFROGHQHUJ\KDYHWREHXVHGE\&DUQRWF\FOH V - tank volume
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$FFRUGLQJO\GHSHQGHQFLHV4HY/RXWT9/9YVWKHF\OLQGULFDOWDQNYROXPHDWWKHVWRUDJHSUHVVXUHRI03DDUH






)LJ. 'DLO\ORVVHVRIFROGHQHUJ\RIFU\RJHQGHSHQGLQJRQWKHWDQNYROXPH(pressure is 0,6 MPa). 
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7KXV FDOFXODWLRQ UHVXOWV VKRZTXLWH D ODUJH QXPEHU RI ORVW FROG HQHUJ\ GXULQJ VWRUDJH/1*KDV WKH JUHDWHVW













ILOOHG LQ WKH WDQNZLWK WKH VWRUDJH FDSDFLW\RIPDW WKH WHPSHUDWXUHRI.DQG WKHSUHVVXUHRI03D
























    




RI WKH6WLUOLQJ HQJLQH HQWHUV LQWR WKHZDVWHKHDW H[FKDQJHUZKHUH LW LV KHDWHGE\ H[KDXVW JDVHV IURP WKH*333
$IWHUWKHFRPSOHWHJDVLILFDWLRQWKHJDVLVXVHGLQWRWKHFRPEXVWLRQFKDPEHURIWKH*333
7KHDGYDQWDJHRIIHUHGE\WKHFROGHQHUJ\SRZHUSODQWEDVHGRQ6WLUOLQJHQJLQH+LJKHQHUJ\HIILFLHQF\7KH




,W LVSRVVLEOH WRXVH WKH WKHUPRDFRXVWLFHQJLQH >@ LQ WKHFLUFXLWRI  WKH ORZWHPSHUDWXUHSRZHUSODQW  DVPDLQ
HQHUJ\FRQYHUWHU
7KLVFLUFXLWZRUNVDVIROORZVWKHFROGKHDWH[FKDQJHURIWKHUPRDFRXVWLFHQJLQHLVFRROHGE\OLTXHILHGQDWXUDO
JDV IURP WKH WDQN DQG WKHKRWKHDW H[FKDQJHU LVKHDWHGE\ WKHH[KDXVWJDVHVRI WKH*3337KXV WKHHQJLQH
JHQHUDWHVHQHUJ\ WKDWFRQYHUWV LQWRHOHFWULFDOHQHUJ\YLD WKHHOHFWULFJHQHUDWRUZKLFKGULYHV WKH FRPSUHVVRU




SLVWRQXQLW ZKLFKJHQHUDWHV HOHFWULFDO HQHUJ\E\ WKH HOHFWULF JHQHUDWRU 7KHUPRDFRXVWLF HQJLQH FDOFXODWLRQ
ZDVPDGHXVLQJWKHPHWKRGRORJ\SUHVHQWHGLQ>@DQGVRIWZDUHV\VWHP'HOWD(&
7KHXVLQJRIVXFKSRZHUSODQWDOORZVWRFRPSHQVDWHORVVHVDWHYDSRUDWLRQRI/1*IURPWKHWDQN$OVRLWDOORZV
WR JHW WKH DGGLWLRQDO HOHFWULFDO HQHUJ\ZKLFK FDQ EH XVHG IRU YDULRXV SXUSRVHV  DV  SUREOHPV  DULVLQJ IURP WKH
RSHUDWLRQRIDJDVSLVWRQXQLW
7KH DGYDQWDJH RIIHUHG E\ WKH FROG HQHUJ\ SRZHU SODQW EDVHG RQ WKH WKHUPRDFRXVWLF HQJLQH  7KH
WKHUPRDFRXVWLFHQJLQHFRQWDLQVWKHPLQLPXPQXPEHURIPRYLQJPHFKDQLFDOGHYLFHV+LJKUHOLDELOLW\DQGVHUYLFH
OLIHRIWKHUPRDFRXVWLFHQHUJ\FRQYHUWHU
7KHUH DUH DOVR VRPH GLVDGYDQWDJHV  /RZHU HQHUJ\ HIILFLHQF\ FRPSDUHG WR WKH 6WLUOLQJ HQJLQH 7KLV
FLUFXPVWDQFH IRUDJLYHQDSSOLFDWLRQFDQKDYHDSRVLWLYHHIIHFW LQ WKHVHQVH WKDWGXH WR ORZHIILFLHQF\ LQFUHDVLQJ































    (WKDQH 













)URP WKHDQDO\VLVRI WKHFKDUDFWHULVWLFV LW IROORZV WKDW WKHPRVW HIIHFWLYH LV WKHXVHRI FRPSHQVDWLRQ VFKHPHV














 7KH WKUHH VFKHPHVRI  D ORZWHPSHUDWXUHSRZHUSODQWKDYHEHHQSURSRVHGZKLFK DOORZV WRSHUIRUP WKH
OLTXHIDFWLRQRIYDSRUL]LQJFU\RJHQDQGWRUHWXUQLWWRWKHVWRUDJHWDQNREWDLQLQJDGGLWLRQDOHQHUJ\
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